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b - m m ,  
4 c w c o r  
0, 8 m t- gr Building on the results of a feasibility study conducted under NASA Research Grant No. -1- 
t-. t-* w V' Ir, 
CI e w b br 471, an evaluation was performed on a vibration suppression technique developed by the Principal 

cb m 
ti F c, A Investigators. Specifically, the following analytical and experimental studies were conducted: 
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E hl 5 A numerical simulation study was performed, by means of a large-scale finite element code 
I=: * capable of handling large deformations and/or nonlinear behavior, to investigate the suitability of 

the nonlinear pulse-control algorithm to suppress the vibrations induced in the SCOLE compo- 
I+ nents under realistic maneuvers. Among the topics investigated were the effects of various control 

parameters on the efficiency and robustness of the vibration control algorithm. 
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Sample results are shown in the Appendix. 

As part of the Ph. D. research of a student in electrical engineering, advanced nonlinear control 
techniques were applied to an idealized model of some of the SCOLE components to develop an 
efficient algorithm to  determine the optimal locations of point actuators, considering the hardware 
on the SCOLE project as distributed in nature. A Bernoulli-Euler beam was used to represent 
the structure attaching the antenna to  the orbiter. The control was obtained from a quadratic 
optimization criterion, given in terms of the state variables of the distributed system. 

The main ideas behind this approach are summarized in a paper by Chassiakos and Bekey 
(1986) titled "On the Modelling and Control of a Flexible Manipulator Arm by Point Actuators," 
a copy of which is attached. 
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An experimental investigation was performed on a model flexible structure resembling the es- 
sential features of the SCOLE components, and electrodynamic and electrohydraulic actuators 
were used to investigate the applicability of the control algorithm with such devices in addition to 
mass-ejection pulse generators using compressed air. 

4 

, Sample results from this study are included in the Appendix. 

Meetings 

During the period 17-18 November 1986, one of the PI'S (R.K. Miller) participated in the Third 
SCOLE Workshop Concerning the NASA/IEEE Design Challenge and he presented a detailed 



report covering the analytical and experimental studies discussed above. 

complishments during the last year of our NASA contract. 
For convenience, the Appendix contains a copy of the transparencies that summarize our ac- 
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C=lW n=l Td=0.2 

Velocity Response with and without Control 



C.100 n = l  Td=0.2 

Oisplacemnt Response with and without Control 
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Acceleration Response with and without Control 
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Pulse Control Forces 
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Displacement Response with and without Control 
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Pulse Control Forces 



h 0) 
hi U 
X U 

. . . . . . . . . 
-NOUln- -QDOI  



I 

I 

I 

I 

I 
I 
I 
I 

I 
I 

I 

I 

I 

I 

I 

I 

0 
0 

4 

w l  c 
c( 

b 

0 
0 + w 
0 
0 
0 

0 

. I  



0 + 
w 
0 
0 
0 

0 

\ 
\ 
\ 
1 -  

\ 
\ 

\ 

C 
C 

c 



& 
I /  
2 
C 
n 
v: 
L: 
K 

L 
C 

> 
a 
C 
E- 
v: 

1: 

li 
I 

IF 

c 

c 

I 

0 
0 

4 



Y 

I 

I 

b 

8 

u 
8 

8 

u 
u 

8 

8 

8 

8 

* 
a 

b 

b 
6 

n c 

I 
I 
I 
I 
I 
I 
I 
\ 
I 
\ 
1 
I 
\ 
P\ 
* \  

\ 
1 
\ 
\ 
\ 
\ 
\ 

1 
1 

I 1 1 1  1 1 1 .  1 1 8 1  1 1 1 8  1 1 1 8  8 1 1 8  8 8 1 1  1 1 1 8  1 8 1 1  1 1 1  
. . ,  

0 + 
w 
0 
0 
0 

0 


